The present research work on the abrasive wear behavior of aluminium metal matrix composite reinforcement with red mud, SiC, and Al2O3 with an objective to explore the use of red mud, SiC and Al2O3 as a reinforcing material due to its easy availability and the presence of all the reinforcing elements required. The microhardness studies and the wear performance were carried out by the variation in the percentage of reinforcements in the matrix. A Computerized pin-on-disc machine was used to assess the wear characteristics of the aluminium alloy 7075 with red mud, SiC and Al2O3 Composites. To measure the value of microhardness number, microhardness tester was employed. The specimens were studied under optical microscope and SEM to know the distribution pattern of the reinforcement. The wear behaviour of the composite and the hardness of the matrix material are also improved due to the dispersion of particulates in the aluminium matrix.
INTRODUCTION
Aluminium is the most abundant and easily available metal in the Earth's crust after oxygen and silicon. It can be easily machined, drawn, cast and extruded. Its resistance to corrosion is also excellent due to a thin surface layer of Aluminium oxide that forms when the metal is exposed to air, preventing it from further oxidation. The typical aluminium alloying elements are Cu, Mg, Mn, Si, and Ln and are classified as last alloys and wrought alloys. Wear is the progressive reduction of material from contacting surfaces in relative motion. The major concentration is imparted to study the wear behaviour, and hardness of aluminium based metal matrix composites AMC's which are generally used in agricultural, automotive and aerospace 1, 2, 3 industries because of its high strength to weight ratio 4 . Some aluminium components may have experienced faulty heat treatments before their installation in aircrafts 5 .Green 6 reviewed the techniques that do not require the removal of components which minimizes the aircraft down time and are non-destructive. One of the important phenomena that take place at a material's interface is metal matrix composites with reinforcements that offer improved performance and wear resistance 7 . The metal matrix composites (MMC's), consists of at least two physically and chemically distinct phases, which may be either fibrous or particular phase in a metallic matrix. The wear properties of the hybrid composites containing graphite exhibited the superior wear resistance properties 8 , which is in relevance to the present study. The most commonly used matrix materials are a copper matrix, aluminium matrix, and titanium matrix. The methods which are used to manufacture the particular reinforced MMC's are solid fabrication methods, containing powder blending and consolidation and foil diffusion bonding; liquid phase fabrication methods, under which Electroplating/ electroforming, stir casting, squeeze casting, spray deposition, etc. are done. The main focus is on "stir casting" as this fabrication method is used to reinforce the material in the matrix. The reinforcement is fibers, particles/particulates, etc. embedded in the matrix (metals, polymers) is done in a composite material. This reinforcement is done at a microscopic level and is insoluble in each other. The most commonly used materials in the composite fabrication of Aluminium are 2000, 5000, 6000 and 7000 series alloys 9 .The reinforced materials which are used for Al7075 composite are Silicon carbide (SiC) 10, 11 , Aluminium oxide (Al2O3) and Graphite in the form of particles or whiskers 12, 13, 14, 15, 16 .There are certain factors like the wettability between the two main substances, Porosity in cast metal matrix composites, uniform distribution of the reinforcing material and the chemical reactions between the reinforcing material and the matrix alloy, which must be taken care of; so that the Dimensional stability, wear and corrosion resistance and reduction in weight are obtained in metal matrix composites. The effect of porosity on the wear and friction of metals and the surface roughness of the materials, decrease in real contact area between two sliding surfaces were enhanced by pores 17 . Porosity decreases the wear resistance and coefficient of friction of the composite 18 . The microstructural analysis was performed using scanning electron microscopy, optical microscopy and image analysis 19 .For the fractographic study of engineering materials, scanning electron microscopy (SEM) is served to be the very useful technique. Dry sliding wear tests were conducted on a pin-on-disc machine 20 . For composite reinforcement, if the melt is combined with particulates, then 'Stir casting' is a very economical technique 21 . Stir casting is the conventional and economical way of producing AMCs 22 and these AMCs can be fabricated in many ways by its end uses. The set-up for stir casting is a furnace and stirring assembly. In the solidification synthesis of metal matrix composites, a melt of the selected matrix material which is followed by the introduction of a reinforcing material into the melt. Then the solidification of the melt under selected conditions is used to obtain the desired distribution of the dispersed phase in the matrix, containing suspended dispersoids. In friction stir processing(FSP), rotational tool speed is one of the most important process parameters which influence the uniform distribution of reinforcement particles, grain refinement, and heat input during the process 23, 24 .
II. PROBLEM FORMULATION
The study of wear behaviour of Al-red mud, SiC, Al2O3 metal matrix composites (MMC's) of aluminium alloy 7075 with varying percentage addition of red mud, SiC and Al2O3 by the stir casting technique is the problem associated. By preparing the samples of different percentage composition by stir casting and then subjected them to the computerized pin on the disc wear testing machine, the experiments were performed. Then the analysis of microstructure was conducted by an optical microscope, scanning electron microscope and the dispersion of reinforcement was verified. On different types of specimens, the tests performed are the wear test performed on a computerized pin on disc M/C, micro hardness test on Vicker's micro hardness tester, the microstructure test on the microscope and scanning electron microscope test performed on SEM.
III.
EXPERIMENTAL DETAILS Machines/equipments used for performing the experiment and testing of composites are: weighing machine, digital control muffle furnace, radial drilling machine, micro hardness testing machine, SEM, sieve shaker, matrix (Al alloy 7075), reinforcements (red mud, SiC, Al2O3), Crucible, mould, stirrer, etc.
A. Fabrication of Material
The chemical composition of Al 7075 matrix alloy and range of particle size of red mud, SiC and Al2O3 are shown in table 1 and 2. 'Al' MMC's preparation by stir casting setup is shown in Figure 1 . It consists of a resistance muffle furnace and a stirrer assembly. The stirrer assembly itself consisting of graphite stirrer, which is connected to a vertical drilling machine with a range of 80 to 890 rpm. The stirrer consists of 3-blades at an angle of 120 degrees apart. Inside the furnace, a clay graphite crucible of 1.5 kg capacity was placed and approximately 1kg alloy was melted at 820 0 C. In the resistance furnace, for one hour, reinforcement (red mud at 400 0 C, sic and alumina at 800 0 C) was preheated to remove the moisture and gases from the particular surfaces. Then the particles of reinforcement were sieved by sieve shaker shown in Figure 2 .
©IJRASET (UGC Approved Journal): All Rights are Reserved The stirrer was then lowered vertically up to 3 cm, and its speed was gradually increased to 800 rpm, and the preheated reinforced particles were added at the rate of 10-20 g/min into the melt. As the stirrer speed got reduced by 50-60 rpm due to the increase in viscosity of the melt, the speed control maintained a constant speed of the stirrer, and then the stirring was continued for 8 to 12 minutes for proper mixing.
B. Microhardness Test
Micro hardness testing was done to measure the micro hardness; on a microscopic scale and was then calculated by using MVH-2 digital micro hardness tester, as shown in Figure 3 . A precision diamond indenter is impressed into the materials at load from a few grams to 1 kilogram. The impression length measured microscopically, and the applied load are used to calculate a hardness value as shown in Figure 4 . The indentations are typically made using either a square-based pyramid indenter (Vickers hardness scale) or an elongated, rhombo-hedral-shaped indenter. The tester applies the selected test load using dead weights. The length of the hardness impressions was precisely measured with a light microscope using either a flair eyepiece or a video image and computer software. A hardness number is then calculated using the test load, the impression length, and a shape factor for the indenter type used for the test. 
C. Wear Test
Dry sliding wear tests for a different number of specimens was conducted by using a pin-on-disc machine (Model: Wear and Friction Monitor TR-20) supplied by DUCOM, was shown in Figure 5 . The pin was held against the counter face of a rotating disc (EN32 steel disc) with wear track diameter 60mm. The pin was loaded against the disc through a dead weight loading system. The wear test for all specimens was conducted under the normal loads of 2kg and a fixed sliding velocity of 1.6 m/s. Wear tests were carried out for a total sliding distance of approximately 2900m. The pin samples were 50 mm in length and 8 mm in diameter. The surfaces of the pin samples were slides using emery paper (80 grit size) before the test in ordered to ensure effective contact of fresh and flat surface with the steel disc. The samples and wear track were cleaned with acetone and weighed (up to an accuracy of 0.0001 gm. using microbalance) b e f or e and after each test. The wear rate was calculated from the height loss technique and expressed regarding wear volume loss per unit sliding distance. Initially, pin surface was made flat such that it will support load over its entire cross-section called the Before starting the experiment, precautionary steps were taken to make sure that the load applied is in the normal direction. A schematic view of pin-on-disc setup is shown in Fig. 6 . 
D. Optical Microscopy
Particles distribution was evaluated with the help of optical microscope. XRD studies were carried out to confirm the presence of reinforcement in the alloy matrix. The casting samples were examined under the optical microscope to determine the reinforcement pattern and cast structure. A section was cut from the castings. They were grinded using 100 grit silicon carbide paper followed by 220, 400, 600 and 1000 grades of emery paper. Before optical observation, the samples were mechanically polished and etched by Keller's reagent to obtain better contrast.
IV. RESULTS AND DISCUSSIONS A. Micro Hardness Test
For the measurement of micro hardness, a micro hardness tester MVH-1 is used on the Vicker's micro hardness tester; load used was 200 grams at 10 X optical zoom with 20 second dwell time for each sample. The results obtained for alloy 7075 without reinforcement (Sample 1) and wt.% variation of different reinforcements in Al alloy 7075 MMC's (sample no. 2-13) are shown in Table 4 . Figure 8 shows that as the percentage of reinforcement increases, the micro hardness also increases. However, in the case of red mud reinforcement (Figure 9 ), the value of micro hardness increases upto 7.5 wt.%, then decreases, due to the improper mixing and high viscosity of molten composites or poor interfacial bonding between the particle-matrix interfaces. In Figure 10 showed the maximum value of micro hardness number is for sample 9 (Al alloy 7075+7.5% red mud) and the minimum value is for sample 1 (Al alloy 7075+2.5% SiC).
B. Wear Test
A pin-on-disc tribometer is used to perform the wear experiment, and the wear track, alloy, and composite specimens are cleaned with acetone, and then each specimen is weighed using a digital balance with an accuracy of ±0.0001 gm. The sliding speed 1.6 m/s, track dia. 60 mm, load 2 kg and total time 30 minutes are fixed for all experiments under room temperature as shown in table 5. Weight loss of MMC's shown in Table 6 . The results predicted that as the wt.% of reinforcement increases, weight loss of MMC's decreases. However, the weight loss decreases up to 7.5 wt.% and then increases in case of red mud. It is also clear that the maximum weight loss is for sample 9 (Al alloy 7075+2.5% red mud) and minimum weight loss for sample 4 (Al alloy 7075 +10% SiC) occurs. Comparing the weight loss properties of composites reinforced with silicon carbide, alumina, and red mud, it is observed that despite their higher hardness, composites reinforced with alumina and red mud particles show greater weight loss as compared to composites reinforced with SiC particles. Sliding wear loss and wear rate performance of different specimens with and without reinforcement into the matrix (1-13) under a dry sliding condition at ambient temperature were found using a pin-on-disc apparatus and the wear loss of the MMC's of sample number 1-13 for aluminium and composites is shown in Table 7 . It can be attributed to the comparatively poor bonding between the red mud-matrix and in alumina-matrix. There might be particle pull out, in the case of composite reinforced alumina and red mud particles during wear test, which enhances wear loss. Figure 12 to Figure 14 shows the variation of wear loss with time (total time is taken to be 30 min) for constant load 2 Kg at 510 rpm. It can be observed from the plots that with the addition of SiC, Al2O3and Red Mud Particulates in the matrix the wear loss of composites was decreased. Also as the time increases the wear loss increases. The results as indicated from Figure 12 the decreasing trend of wear loss with an increase in weight percentage of SiC up to 10% weight fraction. Similarly, the results as indicated from Figure 13 the decreasing trend of wear loss with an increase in weight percentage of Al2O3 up to 10% weight fraction. From the comparison graph Fig. 15 , i.e., different wt. % of SiC Vs. Al2O3 shows that 10% SiC has the superior wear resistance property over the other different wt. % of reinforcements in the case of wear loss. Similarly, 10% SiC has superior wear resistance property over the other different wt.% of reinforcements in the case of wear loss. (Π= 3.14 (constant) Wear Resistance: Wear resistance is a reciprocal of wear rate. Wear resistance = 1 / wear rate Wear rate of MMC's (sample no. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] , and alloy (sample 13) is shown in table 8. It is observed that wear rate decreases with increase in wt.% of SiC and Al2O3 while in the case of red mud, it firstly deceases up to 7.5 % wt. Addition and after 7.5% wt. Increases due to the increased viscosity and improper rotation of stirrer. Wear resistance of the composites is improved by the depression of SiC, red mud and Al2O3 particles. 
1) Optical Microscope:
The microstructure was visualized with the help of an optical microscope. The specimens were visualized on100X magnifications to show the presence of reinforcement and its distribution in the metal matrix. Different elements/ compounds which were present in the red mud are difficult to distinguish by optical micro grapy. The microstructure of all the samples was shown in Figure 16 . It is clear from the Figure 16 that the distribution of Al2O3 particles in a matrix alloy is fairly uniform. The average size of Al2O3 particles is around 30µm-50µm. The shape of most Al2O3 particles is irregular in nature. The irregular shape of aluminium oxide particles may be due to the breakage of particles during ball milling. It is found that as the percentage of reinforcement increases the area fraction also increases as shown in the optical micrograph. It also observed that there is an increase in hardness and wear resistance this can be attributed to the increase in the interfacial bonding of reinforcement with the aluminium matrix alloy. Good interfacial bonding can be obtained by pre-heating of Al2O3 particulates before adding in the matrix. It is also found that at some places there was clustering of Al2O3 particulates as shown in Figure 15 . Figure 17 that the distribution of SiC particles in a matrix alloy is nearly uniform. The average size of SiC particles is around 60µm-90µm. The shape of most SiC particles is angular and sub-angular. It is found that as the percentage of reinforcement increase the area fraction also increases as shown in the optical micrograph. It also observed that there is an increase in hardness and wear resistance this can be attributed to the increase in the interfacial bonding of reinforcement with the aluminium matrix alloy. Good interfacial bonding can be obtained by pre-heating of SiC particulates before adding in the matrix.
2) Microstructural Observation of worn pin surfaces:
The worn-out surfaces of some selected/ typical specimens (10 % wt. a fraction of reinforcements) after the wear test were observed under an optical microscope with magnification 200X. Figure 18 (a),(c)] some cracks have appeared, and these cracks are propagated in different directions. This might be due to strain hardening of aluminium based metal matrix composites with applied load and due to pulling up of hard phase particles, i.e., red mud and alumina from the aluminium grain boundary.
3) Scanning Electron Microscopy Analysis:
Scanning electron micrographs at lower magnification show that the distribution of SiC, Al2O3and Red Mud particulate throughout the MMCs. Scanning electron micrographs at higher magnification show the particle-matrix interfaces. Homogeneous distribution of particles is desired for achieving better wear behaviour and mechanical properties. Homogeneous distribution of particles in a molten alloy is achieved due to the high shear rate caused by stirring which also minimize the particles settling. However, agglomeration of particles in some regions is visible in all cases; this is due to the presence of porosity associated with it. The presence of entrapped air and moisture in the reinforcement particles results in the voids/ porosity after casting. It is observed that the particle-matrix interface of Al2O3 and Red Mud reinforced composite is not as smooth as that of SiC reinforced composite, which indicates relatively poor bonding between the alumina-Al alloy 7075 alloy matrix and Red Mud-Al alloy 7075 alloy matrix. At higher magnification, SEM shows the shape of most Red Mud particles exhibits globular morphology. Other different types of particle are also visible in red mud MMCs, but still, it is not possible to distinguish these different particles types. Further, the SEM reveals an excellent bond between the matrix alloy and SiC reinforcement particles.
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©IJRASET (UGC Approved Journal): All Rights are Reserved Addition and after 7.5% wt. Increases due to the increased viscosity and improper rotation of stirrer. 8) The particulates of SiC, red mud and alumina are fairly distributed in the matrix, as revealed by optical micrography and SEM images, which also showed that at some places voids have occurred before wearing. The 9) groves, ridges, and cracks after wearing are obtained by optical micrography.
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